Purpose To determine whether there is a displacement of the fovea toward the optic disc after successful macular hole (MH) surgery with internal limiting membrane (ILM) peeling. Methods The medical records of 54 eyes of 53 patients that had undergone pars plana vitrectomy with ILM peeling and gas or air tamponade for an idiopathic MH were evaluated. Spectral-domain optical coherence tomography (OCT) had been performed before and 46 months after the surgery. The preoperative distances between the center of the MH and the optic disc (MH-OD), center of the MH and the bifurcation or crossing of retinal vessels (MH-RV) were measured in the OCT images. In addition, the postoperative distance between the center of the fovea and optic disc (F-OD) and the center of the fovea and the same bifurcation or crossing of retinal vessels (F-RV) were measured in the OCT images. Results The F-OD was 2.67 ± 0.33 disc diameters (DD), which was significantly shorter than that of the MH-OD of 2.77 ± 0.33 DD (Po0.001). The F-RV was also significantly shorter than the MH-RV on the inner nasal area (from 0.85 ± 0.16DD to 0.79 ± 0.15DD; Po0.001), the inner temporal area (from 0.82±0.15DD to 0.77±0.14DD; Po0.001), and outer nasal area (from 1.70 ± 0.31DD to 1.65 ± 0.32DD; Po0.001), but it was significantly longer than the MH-RV in the outer temporal area (from 1.65±0.29DD to 1.68±0.29DD; Po0.001).
Introduction
An idiopathic macular hole (MH) can be successfully closed by vitrectomy, [1] [2] [3] [4] [5] [6] and the success rate is improved if the internal limiting membrane (ILM) is peeled during the vitrectomy. [2] [3] [4] [5] [6] Although the mechanism causing the MH has been essentially determined, [7] [8] [9] [10] [11] [12] the mechanism for the MH closure has not been definitively determined.
Yanagita et al 13 reported that after a closure of a MH by vitrectomy, the retinal blood vessels near the MH are displaced toward the center of the fovea in all cases. They suggested that the retina around the MH moved toward the foveal pit after vitrectomy. On the other hand, we have noted that in many cases the retinal vessels in the macular area appeared to move toward the optic disc after vitrectomy that successfully closed a MH.
Thus, the purpose of this study was to test the hypothesis that the center of the macular area moves nasally toward the optic disc after successful closure of a MH by vitrectomy with ILM peeling.
Materials and methods

Study population
We reviewed the medical charts of 54 eyes of 53 patients who underwent successful vitrectomy for an idiopathic MH at the Nagoya University Hospital between October 2008 and May 2012. There were 33 women and 20 men. The mean ± SD of the age was 65.3 ± 6.0 years with a range of 54-78 years. There were 25 stage-2 MHs (46%), 12 stage-3 MHs (22%), and 17 stage-4 MHs (31%). 7 All MHs were closed after a single surgery.
Eyes excluded from the statistical analyses were those with a reopening of the MH, with high myopia, or with a retinal detachment combined with the MH. Eyes with other macular diseases, such as age-related macular degeneration, were also excluded.
We also reviewed the charts of five eyes of five patients who had an idiopathic MH that closed spontaneously. The measurements made on these five eyes were identical to that of eyes that underwent vitrectomy.
The protocol for this study was approved by the institutional review board of the Nagoya University School of Medicine, and the procedures used conformed to the tenets of the Declaration of Helsinki.
Surgical techniques
A three-port pars plana vitrectomy with ILM peeling was carried out with 23-or 25-gauge instruments in all cases. All of the patients underwent combined cataract surgery except one patient who was pseudophakic. Triamcinolone acetonide was used for staining the ILM in all 54 eyes. The area of ILM peeling was symmetrical around the fovea and was about four disc diameters (DD). Sulfur hexafluoride (0.5-1.0 ml) gas was used in 38 eyes, perfluoropropane (0.5-0.8 ml) gas in 15 eyes, and simple fluid gas exchange without any gas injection was used in one eye as a tamponade. The patients were instructed to maintain a face-down position as much as possible until the closure of MHs was confirmed by OCT.
Examination and measurement procedures
All patients underwent a complete ophthalmic examination, including measurements of the bestcorrected visual acuity (BCVA), slit-lamp biomicroscopy, fundus examination, and optical coherence tomography (OCT; Cirrus OCT; Carl Zeiss Meditec, Dublin, CA, USA) before and 1-2 weeks, 1-3 months, and 46 months after the vitrectomy. Axial length was measured in all eyes preoperatively (IOL master, Carl Zeiss Meditec). The fovea was scanned with the 200 Â 200 Macular Cube protocol of the Cirrus HD-OCT. OCT images were excluded if the eye moved during the scans.
The distance across the fundus was measured in the Cirrus OCT images. 14 The Cirrus OCT instrument allows a direct registration of the OCT projection maps onto the infrared line scanning ophthalmoscopic image. The location of the center of the MH or postoperative foveola was determined by realigning the vertical and horizontal OCT scans in the analysis window manually (Figures 1a,  b, d and e) . In cases where the postoperative foveal pit was irregular, center of fovea was considered to be the thinnest part in the OCT image. In cases where the postoperative foveal pit was flat, the center of the fovea was considered to be the center of foveal pit.
The preoperative distance between center of MH and optic disc (MH-OD) and the distance between center of the MH and a bifurcation or crossing of retina vessels (MH-RV) were measured in the Cirrus OCT images (Figure 1c ). In the same way, the postoperative distance between the fovea and optic disc (F-OD), and the distance between the fovea and a bifurcation or crossing of retina vessels (F-RV) were measured in the Cirrus OCT images. Each distance was measured manually with the caliper function embedded in the OCT instrument. To compensate for variations in the magnification of each scan, each distance was divided by vertical diameter of the optic disc, and the distance was expressed in DD units.
The locations of the bifurcation or crossing of the retinal vessels were selected in four areas: the inner nasal area, the inner temporal area, the outer nasal area, and the outer temporal area (Figure 1c ). The inner areas were within a circle of two DD centered on the fovea, and the outer area was between circles of two and four DDs centered on fovea. The margin between the nasal and temporal areas was a vertical line passing through the fovea. The movement of the macula in each area was analyzed separately.
Eyes with spontaneous closure of MH
The MHs of five eyes closed spontaneously, and both the pre-closure and post-closure OCT images were available. The measurements of the displacement were done identically to the eyes that underwent vitrectomy. The mean ± SD age of these three women and two men was 65.6 ± 6.7 years with a range of 56-73 years. There were two stage-2 MHs (40%) and three stage-3 MHs (60%).
Statistical analyses
The significance of the differences between the pre-and postoperative values was determined by paired t-tests, and single and stepwise regression analysis was used to determine the parameters that were significantly associated with the distance of movement of the fovea (PASW statistics version 18.0; SPSS Inc and IBM Displacement of foveal area after MH surgery with ILM peeling K Kawano et al
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Company, Chicago, IL, USA). A Po0.05 was taken to be statistically significant.
Results
The pre-and postoperative OCT images of 36 eyes of 36 patients at 1-3 months and 46 months were of sufficient quality to be analyzed. The mean ± SD preoperative MH-OD distance was 2.77 ± 0.33 DD with a range of 2.08-3.47 DD. The mean postoperative F-OD distance was 2.67±0.32 DD with a range of 2.05-3.34 DD at 1-3 months, and 2.67±0.33 DD with a range of 2.03-3.37 DD at 46 months. The F-OD distance at 1-3 and 46 months after surgery were significantly shorter than the MH-OD by 3.3 ± 2.0% and 3.6% ± 1.8%, respectively, (both P o0.001, paired t-tests).
The OCT images of 13 eyes that were recorded within 2 weeks after surgery and were good enough to be analyzed were available. In these 13 eyes, the average MH-OD distance was 2.61 ± 0.16 DD, and the F-OD distance was 2.57 ± 0.18 DD at 1-2 weeks, 2.54 ± 0.16 DD at 1-3 months, and 2.53 ± 0.16 DD at 46 months after the vitrectomy. The F-OD distance at 1-2 weeks, 1-3 months, and 46 months after surgery were significantly shorter than the MH-OD distance by 1.8%±1.5% (P ¼ 0.001, paired t-test), by 2.9±1.4% (P o0.001, paired t-test), and by 3.1%±1.5% (P o0.001, paired t-test; Figure 2a) .
The mean ± SD of the MH-RV distance in the inner nasal area for the 36 eyes was 0.85 ± 0.16 DD preoperatively. The mean ± SD of the F-RV distance in the inner nasal area was 0.80 ± 0.16 DD at 1-3 months after surgery and 0.79 ± 0.15 DD at 46 months after the vitrectomy. The F-RV distance in the inner nasal area were significantly shorter than the MH-RV distance by 6.6±4.4% (Po0.001, paired t-test) at 1-3 months and by 7.2% ± 4.1% (Po0.001, paired t-test) at 6 months after the vitrectomy (Figure 3) .
The mean ± SD of the MH-RV distance in the inner temporal area was 0.82 ± 0.15 DD preoperatively. The mean of the F-RV distance in the inner temporal area was 0.77±0.15 DD at 1-3 months after surgery and 0.77±0.14 DD at 46 months after the vitrectomy. The F-RV distance in the inner temporal area was significantly shorter than the MH-RV by 6.5±4.5% (Po0.001, paired t-test) at 1-3 months after surgery and by 6.5%±4.4% (Po0.001, paired t-test) at 46 months after surgery.
The mean ± SD MH-RV distance in the outer nasal area was 1.70 ± 0.31 DD preoperatively. The mean ± SD F-RV distance in the outer nasal area was 1.65 ± 0.31 DD at 1-3 months after surgery and 1.65 ± 0.32 DD at 46 months after the vitrectomy. The R-RV distance in the outer nasal area were significantly shorter than the MH-RV distance by 2.8±2.9% (Po0.001, paired t-test) at 1-3 months and by 3.1±3.3% (Po0.001, paired t-test) at 46 months after the vitrectomy.
The mean ± SD MH-RV distance in the outer temporal area was 1.65 ± 0.29 DD preoperatively. The mean ± SD F-RV distance in the outer temporal area was 1.67 ± 0.29 DD at 1-3 months and 1.68 ± 0.29 DD at 46 months after the vitrectomy. The F-RV in the outer temporal area was significantly longer than the MH-RV by 1.0±2.8% (P ¼ 0.006, paired t-test) at 1-3 months and by 1.8±3.0% (Po0.001, paired t-test) at 46 months after the vitrectomy.
The mean ± SD diameter of the MHs was 693 ± 318 mm with a range of 234-1778 mm or 0.42 ± 0.20 DD with a range of 0.13-1.08 DD. The difference between the preoperative MH-OD and postoperative F-OD, that is, the movement of the fovea at 46 months after the vitrectomy, was greater than the radius of the MH in eight eyes (22.2%).
The mean BCVA was 0.68±0.23 logMAR units with a range of 0.3-1.2 logMAR units preoperatively and 0.29 ± 0.24 logMAR units with a range of 0.0-1.0 logMAR units postoperatively.
Single and stepwise regression analysis showed that the diameter of the MHs, preoperative and postoperative BCVAs, improvements in the BCVA, age and axial length were not significantly associated with the difference between the MH-OD and F-OD distances (Table 1) .
A representative case is shown in Figure 4 . When the pre-and postoperative fundus images were overlapped, the movement of the retinal vessels in the center of macular area toward the optic disc could be clearly seen.
Eyes with spontaneous closure
The mean±SD of the MH-OD distance while the MH was open was 3.05±0.37 DD, with a range of 2.71-3.64 DD. The mean±SD of the F-OD distance after a spontaneous closure of the MH was 3.04 ± 0.41 DD, with a range of 2.69-3.70 DD at 46 months after the spontaneous closure (Figure 2b) . The difference in the MH-OD and F-OD distances were not significant. The MH-RV and F-RV in the inner nasal area were 0.80±0.09 DD with a range of 0.66-0.90 DD and 0.81±0.10 DD with Figure 2 Graphs showing the degree of foveal movement toward optic disc. (a) Changes in the distance between the fovea and optic disc in eyes that had undergone surgery. The preoperative distance was between center of macular hole and optic disc. Postoperative distance was between fovea and optic disc. Macular retina moved significantly toward the optic disc after surgery. (b) Changes in the distance between the fovea and optic disc in eyes with a spontaneous closure. Distance was not significantly different, indicating that the macular retina did not move after the closure. Figure 3 Graphs showing the degree of movement of the macular retina. (a) Changes in the distance between the fovea and bifurcation or crossing of retinal vessels in the inner ring. Macular retina in inner ring moved significantly toward the fovea after surgery. (b) Changes in the distance between the fovea and bifurcation or crossing in the outer ring. The distance to the nasal outer areas decreased significantly after surgery. In contrast, the distance to the temporal outer area increased significantly after surgery. This is probably because fovea moved toward optic disc. The differences in the MH-RV and F-RV distances were not significant in all four areas.
Discussion
Our results showed that the F-OD distance was significantly shorter than the MH-OD distance. This indicates that the center of the macular area moved toward the optic disc after vitrectomy with ILM peeling. There is a possibility that the MH closure caused this displacement. However, the MH-OD and F-OD distances were not different in eyes with a spontaneous closure of the MH. Therefore, the ILM peeling was most likely the cause of this movement. Under natural conditions, the traction of the ILM on the fovea from the temporal side may be stronger than that from nasal side because there is no ILM on the optic disc. We suggest that once the ILM is peeled, the balance may be altered, and the fovea is then displaced toward the optic disc. Further studies are needed to determine whether ILM peeling can cause the macular movement in other diseases after surgery with ILM peeling. A study analyzing eyes with diabetic macular edema treated by vitrectomy with ILM peeling is ongoing in our clinic.
There is a possibility that the MH may close asymmetrically around the center of the MH. However, the movement in eight eyes was larger than the radius of the MH. Therefore, the fovea most likely moved toward the optic disc after the surgery. This displacement of foveal area toward optic disc could be clearly seen in the images made by overlapping pre-and postoperative fundus images (Figure 4) .
The average F-RV distance of the inner nasal and temporal area was significantly shorter than that of the MH-RV. This indicates that the retina around the MH moved toward the center of the MH after the MH was closed. In contrast, the F-RV distance in the outer temporal area was significantly greater than the MH-RF distance. The movement of the fovea toward the optic disc may cause this expansion.
A movement of the macular area was reported in eyes with an epiretinal membrane, 14 in eyes after the removal of an epiretinal membrane, 15 and in eyes after retinal detachment surgery. 16 Macular translocation surgeries for myopic choroidal neovascularization and age-related macular degeneration have also been intentionally moved from the foveal area to other locations. [17] [18] [19] [20] [21] [22] [23] [24] Thus, the macular retina is movable depending on the circumstances and can function on any retinal pigment epithelium.
Our single and stepwise regression analysis showed that the pre-and postoperative BCVAs and the improvements in the BCVA were not significantly associated with the degree of retinal movement. A significant relationship between the change in the position of the macular area and functional changes was not found in this study. In eyes with an epiretinal membrane, the extent of tractional foveal dystopia was found to be correlated with a decrease of the visual acuity. 14 Further studies are needed to determine the relationship between the degree of displacement and any functional changes of the retina. 
Figure 4
Representative case with a stage-2 MH in a 55-yearold man. This is a composite OCT image that was made by overlapping preoperative and postoperative images after changing to the gray scale. The black retinal vessels are the preoperative location of the retinal vessels, and white vessels are postoperative location. White ring shows the MH. White dot shows postoperative fovea. This image clearly shows that the macular retina has moved toward the optic disc.
